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(54) MASS FLOWMETER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To correct the temperature drift of flow 
rate perfectly including the aging by correcting the drift of output due 
to variation in the characteristic of each component caused by aging 
through the use of a microcomputer. 

SOLUTION: When a fluid flows through a duct 10, a current IU flows 
through the resistance RSU of an upstream sensor while a current ID 
flows through the resistance RSD of a downstream sensor. At that 
time, the sensor output voltage VO (VO=RSUIURSDID) is proportional 
to the mass flow rate of the fluid. The output voltage VO is amplified 
at an amplifying circuit section 7 and converted at an A/D converting 
section 1 2 into a digital signal before being inputted to a 
microcomputer 1 1. Terminal voltages of ambient temperature 
detecting resistances Rtu, Rtd and reference resistances R30u, R30d 
are also converted into digital signals which are then inputted to the 
microcomputer 11. The microcomputer 11 automatically calculates a 
mass flow rate signal for which drift due to variation in the 
characteristic of each component caused by aging is corrected 
through processing based on these input signals. 
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lanaRiittRn] 

10 0 0 1 ] 
[0 0 0 2] 

&ftmz.mm-tzttk it, 0»jxtf*awffF4 o 1 6 

7 5 9#^«^«H|3pi - 1 5 8 1 7 5#^«HCHI** 

[ooo3] r<ofeaafisa:-fe^f4ig4<oj:5<c«* 

u x Rsd*3>r/H*^#|piu ^oirvim^ioajfc 
jsHfifles:*tH-rsfc«>o, wxifie^figtRtu, Rtd 

^Stfi:taSfil^^oS2p^R30u, R30dSrSBR-f 
6 0 mkirS^Rlu, R2u, Rid, R2d{^i 0 JiflEfflJ 

«[<0fd*s*U<ftSJ:5&»J«llHlB4, 5S:RM\ ±T 
SEflS*. if ©iHWH-tei^T ^ onfll^A 9 £o 

[0 0 0 4] »f K 6 * ^«*^«ix 5 <!: Iffiffllt y 
-tNSfitRsuUlJi I u x ^t>*T*iR'Jir V-^SfeiRsdirii I d 
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2 * 

(DnMtmfi. w<0«F±SfE«JfBiJ«|Hl»ffl4«:Rsu= (R 
30u+Rtu) • R2u/Rlu N ^T^MUW^k^ 5 liRs 
d= (R30d+Rtd) • Rld/R2d£*5J; 9{-*6x.-fS«J 
tlTV^o ilS. R2u/Rlu=l\ Rld/R2d=l. 
Xt/R 30u + R tu = R 30d + R td t ft 5 <fc 5 i-RJ^ $ ttT 
V S£(CRsu = (R30u+Rtu) , Rsd= (R30d 

+ Rtd) tftotv^ 0 C r.T*ir Vlhtti^m/EVoilVo 
= Rsu- Iu -Rsd- I di:^^tL5fc^, ±j«ffldat/ 

ffi^#AJ: 0 tffi#ff>ft*86S:tt: Iu - I dOffitcjfcfiaj 
U Wc«£a:dS*(04B^i I u = I dt ft 9 ir v^ttj^ 
«EEYot>*i:ftSo 
[0 0 0 5] L^Lft^bJIW^iiilWB-fe^att^JB 

otB*iltttJftoSIE«ffl[S:*$i*, KKi^-fix^ffei:, 
h^MlEi-5/'c^{-^^Rlu ) R2u, Rid, R2dCO}gfit<7) 

»^Kf**rfcft Ky ? bfcft±-tz>zt\d:z> 0 

[0 0 0 6] r.oj:5ftia«K3 7h<onjHSr**-r* 

Ky 7 bft%ffilE1rZ>ljmi>1bZ>o L^Lft^e> 
i«ft(^ftltltomic^t5g^ K 

40 y ^ h^icov^ (ifsi^ffijE-et 6 t><o-ete&<, -co 

[0 0 0 7] 
50 ««tto(£TS:*«ft< ^ixru^o 
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[0 0 0 8] 

^/Mft{c^L3l< 4:l^o«:mi«-C— «F»*«**|jE*«fe 

mtm & ^ffis w- tc jk s n -c v ^ ^ * o > t c 

Wftffi*ffl:Eo^fte>1\ 8K*«"O»*ffiT<o3£ftJ0RH 

[0009] -rft*^ *«wttaE#*«ens«**K 

fp^fi^^ic^u< ft* ct 9\zmmtstitz±%LM7£mm 
Kit* wn^T»««Hia«*tH«tti:»a:ia*«ft^ 

8WET«t«S2|l«a: 4: o»©l#tli:» L < ft 5 £ 5 ir 
WJ1lP*ixfcTat«3effl**iaBSi:Sr*L. HfflE±«ftiJ-fe 

[0 0 10] *&W(T>£otemj8.t-fZ^t{z&*)^ iS 
3ytf a -^|CrtISntl^«tlt»]ESl*7 p n^7 

aw-**. mnE»H[S:fTV\ aaEo«*w-^ja* k y 

[0 0 12] 
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■fe^ttttRsu, _LSRfii]jafflia«simesiRtu f t«e« 

S2p«»tR30u f TStffifJS*Stn:R30d, ±8K«l7 r yy^ 
JfiStRlu, R2u, TSM^y s^ttttRld, R2d. A/D 
^y/^^ 1 2. D/A^V-K— ^ i 3 % -^^^n=r> 

1 lMiW^nnytV-^crtlt^S 

10 [0013] fttttttflEfMRg l 0 *£:St*L6 4: > JbSEfflS 
"fe^SttRsul^tt I u. Rt/TSEiW-irvy-SStRsdtc: 
B: I dOlg^^ti^o - <z>&H: ViMii^mBE VOf* V0 
- R su I u- Rsd I d 4; ft Y) . ±^Mftin^«JOjfl:/ y 

tth^timnc^x m-x*3bzm&. ffifc<r>nmffi&i* 

»7fcJ;9it«$n*4:4:fcfc:. A/DfMl2|cj; 

So 

[0 0 14] RsufiJiStiBa-feViMSgL, Rtut*±»tfly« 
30 HfiftttUSSu RsdiiT«tt«"fe^iMSei. RtdliTSK 
ffllMffltGLfttttUSSi. Tsutt±««-fe>*«Stm«, T 
tuti±8Sffl«Hiaft«ia«K:iBJEE. Tsd«T«cffid-fe>-^ 
ffigtMft, Ttd«T«fE<WfflH?a*»IJU«8iia*. lull 
±a£ffl«8K. I dliTStt(W««K, P sute±«MH-fe 
ta-cox^, Ptutt±««»H?a«1fttB»a:^A*, 
PsdfiTStftJJirv-y-teifct— (OA*, Ptd«TSEffl!JHiaM 

flMR. Ctutt±*«JiH«*«uatt^f»^fl»* c 
sdl*T«fK«J"fev-^fifetoj»ja»«|ft, ctd(iT«tffl!lHH 

» i *»st«a««». « tun±aE«uBHia*tftU«»i^ 
jb i ft«sta««*, a sd«T*«-fe >-y-stacom 1 * 

IfifitMffiffiiSc. atd«iT*fl!lJSia^«*aStri^SBi»: 
ffift&ftffift, j8suii±«E«-fe>*»«:o»2?k«»tia 

i3 tdttT«KfflS«iaajKlftUJfifiiO» 2 

RsoufiTsou rc) \z&itz±mm-t> j y-t&tfi. r 

toufiTtou (t:) fc:fctt^±«Lfiililia?MJgMtHffiln, R 
50 sodfiTsod CC) icjsJt^TMJ-feVi^SSt. Rtodfi 
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Ttod (°C) iz&tf ZTtittilAmWfMMtktill&tfi* Rs25u 
teTs25u (°C) {^*5ltS±aEflS-feVf-Sa:; Rt25uiiT 
t25u (°C) (w*3tt5±atfflJ«H«aK«ltHlggL. Rs25d{* 
Ts25d (°C) fcJSItSTWttfc^lJ-ffiJu Rt25dfiTt2 
5d (t) lC*5*tST««»HJa**ttia»i. Rs50ul*T 
s50u CC) WStt^Sfcfflir^ffiSu Rt50u^Tt50u 

ra ici3Jt<5±afl]HHa««w«a:. Rssod^Tss 

Od CC) {C*3ttSTatfl9-fe^1>-«SL, Rt50df±Tt50d 
CC) <c*5WST«E«ll«fflaft«SUl«:fiL. R30u^±«l 

ffifctfltitRlu. R2utt_LSfMB:/ y vi?mK. Rid. R2d 

mm. vtutt±8E««Ha«*u«a:<o«HF«ffi. v S d 

[0 0 15] •fe^ffl^«EEV0S:»t±Ji--5^«>^«a 
WRtfl»tt«||*SS;ttaTo «t 5 left*. 
Psu=Csu (Tsu— Ta) . 20 
Psu=Rsu I u 2 % 

Rsu=Rsou (1+asu (Tsu— Tsou) + j3 su (Tsu- 
Tsou) 2 ) 

Ptu=Ctu (Ttu— Ta) „ 
Ptu=Rtu I u 2 x 

Rtu=Rtou (l+atu (Ttu— Ttou) 4- j3 tu (Ttu- 
Ttou) 2 ) 

Psd=Csd (Tsd-Ta) . 
Psd=RsdId 2 % 

Rsd=Rsod (1+asd (Tsd-Tsod) + j3 sd (Tsd- 30 
Tsod) 2 ) 

Ptd=Ctd (Ttd-Ta) . 
Ptd=RtdId 2 , 

Rtd=Rtod (l+atd (Ttd-Ttod) + Q td (Ttd- 
Ttod) 2 ) 

Rsu = N (R30u+Rtu) , 

Rsd = M (R30d+Rtd) % 

N = R2u/Rlu . M=R2d/Rld v 

Vu=Rsu I u % 

Vd=RsdId . 40 
V0= Vu- Vd s 

[00 16] ^tasu, tfsu, atu, 0 tu, asd, 0 s 
d, atd, 0td, Csu, Ctu, Csd, C td<7)ffif;£#:5£cD 

asu= ( (Rs50u — Rs25u) T s25uTs50u— R sou (Ts 
50u-Ts25u) (Ts50u+Ts25u) - (Rs50uTs25u- 
Rs25uTs50u) (Ts25u+ Ts50u) ) -r- (RsouTs25u 
Ts50u (Ts50u-Ts25u) ) 

atu= ( (Rt50u-Rt25u) Tt25uTt50u— R tou (Tt 
50u-Tt25u) (Tt50u+Tt25u) - (Rt50uTt25u- 50 
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Rt25uTt50u) (Tt25u+Tt50u) ) -5- (RtouTt25u 
Tt50u (Tt50u-Tt25u) ) 

0su = (Rsou (Ts50u-Ts25u) + Rs50uTs25u- Rs 
25uTs50u) -5- (RsouTs25uTs50u (Ts50u-Ts25 
u) ) 

0tu = (Rtou (Tt50u— Tt'25u) + Rt50uT t25u— R t 
25uTt50u) -=- (RtouTt25uTt50u (Tt50u-Tt25 
u) ) 

[0 0 17] asd = ( (Rs50d-Rs25d) Ts25dTs50d 
-Rsod (Ts50d-Ts25d) (Ts50d-h Ts25d) - (Rs 
50dTs25d-Rs25dTs50d) (Ts25d+ Ts50d) ) -5- 

(RsodTs25dTs50d (Ts50d- Ts25d) ) 
atd= ( (Rt50d-Rt25d) Tt25dT t50d- R tod (Tt 
50d-Tt25d) (Tt50d+Tt25d) - (Rt50dTt25d- 
Rt25dTt50d) (Tt25d+Tt50d) ) + (RtodTt25d 
Tt50d (Tt50d-Tt25d) ) 

0sd = (Rsod (Ts50d-Ts25d) + Rs50dTs25d- Rs 
25dTs50d) -r ( RsodTs25dTs50d (Ts50d~Ts25 
d) ) 

0td= (Rtod (Tt50d-Tt25d) + Rt50dTt25d- R t 
25dTt50d) -5- (RtodTt25dTt50d (Tt50d-Tt25 
d) ) 

[0 0 18] Csu=RsuIu 2 / (Tsu= (— asu/2/3 
su) ± (asu 2 /4 j3su 2 + (Rsu-Rsou) /Rsou/3s 
u) 1/2 -Ta) 

Csd=RsdIdV (Tsd= (-asd/2j3sd) ± (asd 
2 /4j3sd 2 + (Rsd-Rsod) /Rsouflsd) 1/2 ~Ta) 
Ctu=RtuIu 2 / (Ttu= (— atu/2 j3tu) ± (atu 
2 /4j3tu 2 + (Rtu-Rtou) /Rtoufltu) 1/2 -Ta) 
Ctd=RtdId 2 / (Ttd= (— otd/2/Jtd) ± (atd 
V4j3td 2 + (Rtd-Rtod) /RsoujStd) 1/2 -Ta) 
[0 0 19] ^tte><o«t4rfflv^±E^a«;Sr*< Zblc 

VO = (CsuRsu ( (-asu/2£su) ± ( (asu 2 /4 
j3su 2 ) + (Rsu-Rsou) / (Rsou/3su) ) x/ *-T 
a) ) 1/2 - (CsdRsd ( (-asd/2j3sd) ± ( (asd 
2 /4 0sd 2 ) + (Rsd-Rsod) / (Rsodflsd) ) 1/2 
-Ta) ) 1/2 

fM L*=F» RsuXt^RsdOfi«»cS:0*e*<^/Sp-Cfcf9 s 
^fc±^-§-(iasu, 0su, atu, j3 tu, asd, 0 sd, a 
td, |3 td, Otefco**LT8we-C*S. 
Rsu/ (Rsu/N-R30u) = (Csu/Ctu) (-asu 
/2j3su) * ( (asu 2 /4 j3 su 2 ) + (Rsu-Rsou) 
/Rsou/Ssu) 1/2 -Ta) / ( (-atu/2 3 tu) 

( (atu 2 /4 0 tu 2 ) + (Rtu-Rtou) /Rtoufltu) 
1/2 -Ta) 

Rsd/ (Rsd/N-R30d) = (Csd/Ctd) (-asd 
/2 0sd) ( (asd 2 /4^sd 2 ) + (Rsd-Rsod) / 
Rsod£sd) 1/2 -Ta) / ( (-atd/2 0td) ( (at 
d 2 /4/3td 2 ) + (Rtd-Rtod) /Rtodj3td) 1/2 -T 
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a) 

[0020] ±uamiik<Dxm&x*&%tzfrmmm&& 

t, i%3£<DUmz-tert Z> Ky 7 M;DttD = V2-Vl<!; 

ffiVRte. ^Stffl^ffiVC^f) ~<D Ky 7 hfi:Dco 
$0<^-^§i5p o p^S^^i-J:5^ Ky 7 hS^i" 

[0 0 2 2] L^L^^^^iC-feVi^co^^^^Jt 
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20 



r^fTL^ot, ^<7)^*mtU$nfc Ky 7 FIDI» 
[0 0 2 3] 

[mi] *^^o@s^*^>^(o«isaa D p^^-r(giT' 

[B2] URo K J 7 Mi»»:j; D*ftfc Ky 7 h 
[0 3] K k y ^ h*£«*KJ: 0#«>fc K^7h 

[14] ft*o«*i«*^>^^«^a5a*^i-|g-efc 

rsu ±ffiftH?vij-j&siu Rtu ±mwmwm&ikm 
«Su Rsd T«E«-fe>*«St, Rtd Timmi 

mtk&mK. R30u jigLiiijs^jgfct, R30d Tffim 
mrnmc. riu, R2u ±*«^y y^«ts:. Rid, 

R2d TSftfly^y yv^S»t, 3,7 ir >^tU^ti*MtH] 
4 , 8 ±«EW«Sftffl»lHlKffl, 5 , 9 T«tfiS 
6,10 SKft^K, 1 1 -^-f ^ 
pnyt°a-^ x 12 A/D^W*— 13 D 
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